The Qinling-Dabieshan belt results from the collision of the North China and South China blocks. The eastern extension of the belt (the Sulu area) consists of several stacked units: from top to bottom, these are (1) a weakly metamorphosed slate-sandstone unit of Neoproterozoic-Paleozoic age, (2) a gneiss-quartzite unit metamorphosed under highpressure (P) conditions, (3) a marble-amphibolite unit, (4) an ultrahigh-P unit that was very deeply subducted and then exhumed, and (5) a migmatitic dome resulting from the melting of ultrahigh-P rocks. All these units underwent the same deformation, which was characterized by a top-to-the-northwest extensional ductile shearing, during their exhumation. Granulite facies restites in the migmatite are not significantly different from granulitized eclogites derived from the ultrahigh-P rocks. The migmatite exhibits the same structural and petrologic evolution as that determined for the other units. The resemblance of petrologic and structural features and the lack of ocean-basin rock shows that the boundary between the North China block and South China block must be placed north of the Sulu area.
INTRODUCTION
In China, the east-trending Qinling-Dabieshan belt is a wide orogen formed by the collision of the North China and South China blocks (Mattauer et al., 1985 (Mattauer et al., , 1991 Okay and Sengör, 1992 ; Cong, 1996 ) . The Dabieshan, on the east of the chain, is famous for its ultrahigh-pressure (P) metamorphism. The occurrence of coesite eclogite and ultrahigh-P minerals in gneiss demonstrates that the continental crust of the South China block was subducted to more than 100 km depth and afterward exhumed. To the east of the Dabieshan, the orogen is offset by the Tan-Lu fault. Ultrahigh-P rocks crop out 500 km northward in the northern Jiangsu and eastern Shandong Provinces, or Sulu area. There, in spite of several tens of papers dealing with metamorphism of the ultrahigh-P rocks (e.g., Cong, 1996 ; Banno et al., 2000 ; Yao et al., 2000 ) , structural data are rare (Wallis et al., 1997 (Wallis et al., , 1999 , and thus a general tectonic framework is still lacking. It is, however, an essential prerequisite in order to propose any geodynamic scenario. This paper presents a structural map and crustal-scale cross sections of the Sulu area based on firsthand data. The structural analyses together with a new discovery of high-P granulite in the so-called North China Precambrian basement of the north Jiaodong Peninsula allow us to argue that the boundary between the North and South China blocks must be to the north of the Sulu area.
TECTONIC MAP OF THE JIAODONG PENINSULA
Our field survey in the Jiaodong Peninsula allows us to recognize a stack of tectonic-metamorphic units unconformably covered by Upper JurassicCretaceous volcanic and sedimentary rocks or intruded by Cretaceous plutons. The general structure of the peninsula is somewhat complicated by northeast-southwest-trending normal and left-lateral brittle faults (Shandong Bureau of Geology and Mineral Resources, 1991 ) . Among these, the WulianYantai fault (Fig. 1) separates the southeastern Sulu area, where ultrahigh-P rocks are widely exposed, from the northwestern Sulu area, where gneisses, marbles, amphibolites, and migmatites are conspicuous. For this reason, the Wulian-Yantai fault has been considered as the suture zone between the South and North China blocks (Okay and engör, 1992 ; Yin and Nie, 1993 ; Li, 1994 , Cong, 1996 Gilder et al., 1999 ; Zhai et al., 2000 ) . Prior to the Mesozoic, the Jiaodong Peninsula underwent deep-seated tectonics associated with the stacking of metamorphic allochthons overprinted by a migmatitic dome. From top to bottom, the following units are distinguished (Fig. 1) .
Neoproterozoic (Sinian) to Paleozoic(?) Slate-Sandstone Unit
These weakly to unmetamorphosed rocks, called the Penglai Group, are Neoproterozoic (Sinian) or Paleozoic age (Cong, 1996 ) and crop out in the northern part of the Sulu area. The slate-sandstone unit is mapped as unconformably overlying the metamorphic rocks (Shandong Bureau of Geology and Mineral Resources, 1991 ) . However, striations on bedding surfaces and recumbent folds argue for a north-directed detachment fault between the two units ( Fig. 2) .
High-Pressure Gneiss-Quartzite Unit
A gneiss-quartzite unit is found along the sea coast near the Lianyungang City (Fig. 1) . The unit is also recognized by drilling below the Holocene sediments. High-P rocks with glaucophane, jadeite, kyanite, and phengite occur sporadically (Cong, 1996 ) . The boundary between the ultrahigh-and high-P units, called the Haizhou-Siyang fault, is only known through geophysical data (Cong, 1996 ) .
Marble-Amphibolite Unit
Although designated as Wulian or Fenzishan Groups in the north and south sides of the Mesozoic basin, respectively (Shandon Bureau of Geology and Mineral Resources, 1991 ), identical marbles, mafic intrusions, and a few gneisses and metapelites form the marble-amphibolite unit. The presence of a tectonic contact between this unit and the slate-sandstone unit is supported by a metamorphic gap and by the lack of the gneiss-quartzite unit in the northeastern part of Jiaodong Peninsula. Eclogite facies rocks are not reported in this unit, thus we consider that it was never subjected to the ultrahigh-P metamorphism. The marble-amphibolite unit overlies the ultrahigh-P unit with a 1-2-km-thick mylonitic contact (Fig. 2B ).
Ultrahigh-Pressure Unit
The ultrahigh-P unit consists of mafic rocks, quartzite, gneiss, and marble. Coesite eclogites attest to severe metamorphic conditions (Wang et al., 1993 ; Zhang et al., 1995 ; Cong, 1996 ) . The occurrence of jadeite orthogneiss demonstrates that all the continental rocks were deeply subducted. Meter-to kilometer-size garnet lherzolite and pyroxenite bodies record the ultrahigh-P event . However, these ultramafic bodies do not represent deeply subducted ocean-basin mantle. If not all, then at least some of the ultramafic rocks are crustal-hosted peridotites that correspond to cumulates associated with intracontinental basalts emplaced within the south China continental crust in Proterozoic time. No mafic magmatic rocks or marine sedimentary rocks have been identified. The lack of oceanic crust and mantle allows us to conclude that an oceanic suture is not represented in the Sulu area.
Foliated Migmatite Unit
In the northern part of the Jiaodong Peninsula, north of the Mesozoic basin, foliated migmatite crops out. Typical migmatitic features such as nebulitic structures with contorted leucosome layers and K-feldspar porphyroblasts are locally well preserved, but the most common rock is a foliated diatexite with conspicuous planar and linear fabrics. The Al-Si-rich gneisses could have easily been partially melted to give rise to the leucosome, whereas the abundant amphibolite masses represent the unmelted Fe-Mg-rich restites. This migmatite is seen as the basement of the North China block, but relicts of high-P rocks suggest that it derives from the melting of the ultrahigh-P unit.
STRUCTURAL ANALYSIS AND KINEMATICS
The bulk structure of the Jiaodong Peninsula consists of a succession of southwest-northeast-trending anticlines and synclines. The antiform north of Laiyang is a migmatitic dome surrounded by the marble-amphibolite and slate-sandstone units (Fig. 2A) . The central Jiaodong syncline is filled by Upper Jurassic-Cretaceous deposits. Southwest of Qingdao, the ultrahigh-P unit occupies the core of an antiform (Fig. 2B ). Ultrahigh-P rocks constitute the deepest unit exposed. By comparison with Dabieshan (Faure et al., 1999 ) , we assume that the ultrahigh-P unit is underlain by non ultrahigh-P gneisses. This is supported by seismic reflection data (Yang, 2000 ) .
In every unit, a stretching lineation that trends N130°-N160°E is the dominant feature (Fig. 1) . Close to the contact between the marble-amphibolite unit and the slate-sandstone unit, the dikes are deformed into sigmoidal boudins with top-to-the-northwest shearing. The mineral lineation and top-to-thenorthwest kinematics are also common in the ultrahigh-P unit. In the upper part of the ultrahigh-P unit, orthogneiss and amphibolites bodies are progressively changed into augen mylonite or ultramylonite. Top-to-thenorthwest kinematics are also found in the gneiss-quartzite high-P unit. However, rare top-to-the-southeast senses of shear are also developed near Lianyungang (Fig. 1) .
In the migmatite, recrystallization textures of quartz and K-feldspar aggregates indicate that the foliation and lineation were acquired in a postsolidus stage. East and south of Weihai, mylonitic fabrics overprint the migmatite. There, the migmatitic foliation is changed into a flat-lying banded gneiss with northwesttrending stretching lineation and intrafolial folds. This top-to-the-northwest ductile shear zone is coeval with an amphibolite facies metamorphism that overprints the ultrahigh-P event and migmatization. The shear zone is interpreted here as a detachment fault along which the exhumation of the ultrahigh-P rocks occurred.
A second ductile deformation, restricted to the northern area, refolds the foliation and lineation. The orientation and overturning of the postfoliation folds exhibit a divergent dome pattern; i.e., on the west, north, southeast, and south sides of the dome, the folds are overturned to the west, northeast, southeast, and south, respectively. The dome and recumbent folds are covered by undeformed Jurassic rocks.
NEW PETROLOGIC INSIGHTS
High-P granulites reported from Laiyang are considered as Precambrian rocks of the North China block (Zhai et al., 2000 ) . New occurrences have been discovered in a remote location with respect to the Wulian-Yantai fault (Fig.  1) . These rocks form decimeter-to meter-scale garnet amphibolite blocks enclosed within foliated migmatite. Granulite facies symplectites of clinopyroxene + plagioclase + hypersthene are seen to have developed at the expense of the garnet + clinopyroxene + quartz assemblage (Fig. 3) . In a late stage of amphibolitization, brown amphibole + plagioclase overprinted the symplectite. Garnets are compositionally zoned with an increase in Mg and decrease in Fe contents from core to rim. The symplectite consists of diopside (0.4-0.8 wt% Na 2 O) and andesine ). Such a high Na content is explained by a breakdown reaction of a garnet + Na rich clinopyroxene + quartz assemblage. Thus, the retrograde metamorphism of eclogite appears to be the most likely process to produce this granulitic symplectite. Ultrahigh-P minerals have not been yet observed, but rare radial fractures around quartz inclusions in garnet might indicate that the inclusions are coesite pseudomorphs.
Several pressure-temperature paths have been constructed (Zhang et al., 1995 ; Yao et al., 2000 ; Fig. 4 ). In the Donghai area, the ultrahigh-P unit was never migmatized, and eclogite was retrograded into amphibolite. Closer to the migmatite, in Taohang (Figs. 1 and 4) , the pressure-temperature (P-T) path approaches the granulite facies. In Weihai, ultrahigh-P eclogites enclosed in foliated migmatites show a granulitic overprint (Wang et al., 1993 ; Zhang et al., 1995 ; Zhai et al., 2000 ) . The retrograde metamorphism of the Weihai eclogite intersects the P-T area defined for the migmatite . Therefore, from the available petrologic data, it is impossible to separate an ultrahigh-P unit retrograded into granulite facies to the east from a migmatite with granulite facies xenoliths to the west.
DISCUSSION AND CONCLUSIONS
The geometry and kinematics of the deformation phases demonstrate that the north and south parts of the Jiaodong Peninsula shared the same tectonic evolution. In addition to the lack of oceanic-basin rocks in the Jiaodong Peninsula, our work shows that the Wulian-Yantai fault cannot be the suture zone between the North and South China blocks. The contact between the ultrahigh-P and marble-amphibolite units is a flat-lying, top-tothe-northwest ductile shear zone formed during a late stage of exhumation of the ultrahigh-P metamorphic rocks under amphibolite facies conditions. This boundary was reworked as the high-angle, brittle Wulian-Yantai fault in late Mesozoic time.
The metamorphic evolution of the Sulu area must be older than Late Jurassic. This stratigraphic constraint complies well with the radiometric ages of ultrahigh-P metamorphic rocks in the 240-210 Ma range, which is considered to be the date of the pressure peak (Ames et al., 1993 ; Li et al., 1994 ) . Moreover, as in the Dabieshan, 90-110 Ma 40 Ar/ 39 Ar ages on muscovite, biotite, hornblende, and K-feldspar confirm the importance of a Late Cretaceous thermal event in eastern China (e.g., Chen et al., 1992 ; Li et al., 1994 ; Eide et al., 1994 ; Lin et al., 2000 ) . However, a problem arises when dealing with the geochronology of the migmatite. Zircons extracted from gneissic migmatite north of Laiyang give dates between 1.5 and 2 Ga Ishizaka et al., 1994 ) . Recent Sm-Nd analyses have provided isochrons from 1.74 to 1.84 Ga (Zhai et al., 2000 ) . It is acknowledged that these Paleoproterozoic dates represent the protolith age, but more surprisingly, these isotopic systems do not record any evidence of the Mesozoic events.
The geology of the Sulu area is quite similar to that of the Dabieshan (e.g., Hacker et al., 1995 Hacker et al., , 2000 Faure et al., 1999 ) . In both areas, the ultrahigh-P metamorphism is overprinted by a migmatitic dome, and the main ductile deformation is a top-to-the-northwest shearing coeval with amphibolite facies metamorphism. Amphibolite, gabbro, and marine sedimentary rocks cropping out in the northern Dabieshan area are interpreted as the trace of the suture zone between the North and South China blocks. In the Sulu area, the gneiss-quartzite unit, the ultrahigh-P unit, and migmatite dome are correlated with the corresponding units of the Dabieshan, but the marbleamphibolite unit has no equivalent in the Dabieshan. The crustal-scale cross section (Fig. 5) shows that the stack of allochthonous units belongs to the South China block.
Our correlation pattern raises the question of the location of the boundary between the North and South China blocks east of the Tan-Lu fault. Because the boundary cannot be located in the Jiaodong Peninsula, it has to be to the north. These new data have to be taken into account in any forthcoming exhumation models and paleogeodynamic reconstructions.
